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DISCLAIMER

This report is being furnished to the U.S. Environmental Protection Agency
(EPA) by Abt Associates Inc. in partial fulfillment of Contract No. 68-D-03-002, Work
Assignments 3-39 and 4-56. Any opinions, findings, conclusions, or recommendations
are those of the authors and do not necessarily reflect the views of the EPA or Abt
Associates. Earlier drafts of this document were formally reviewed by the Clean Air
Scientific Advisory Committee (CASAC) and made available for public comment. This
document has been informed by the expert advice and comments received from the
CASAC, as well as public comments submitted by several organizations, including
environmental groups, industrial groups and companies, and State air pollution
organizations. Any questions concerning this document should be addressed to Harvey
Richmond, U.S. Environmental Protection Agency, Office of Air Quality Planning and
Standards, C504-06, Research Triangle Park, North Carolina 27711 (email:
richmond.harvey@epa.gov).

Any analyses, interpretations, or conclusions presented in this report based on
hospitalization and mortality data obtained from outside sources, are credited to the
authors and not the institutions providing the raw data. Furthermore, Abt Associates
expressly understands that the Michigan Health and Hospital Association has not
performed an analysis of the hospitalization data obtained or warranted the accuracy of
this information and, therefore, it cannot be held responsible in any manner for the
outcome.
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PREFACE TO JULY 2007 EDITION

This July 2007 edition contains revised lung function risk estimates based on revised
exposure estimates resulting from technical corrections to the exposure model made
subsequent to the January 2007 editions of the Staff Paper and accompanying Technical
Support Document (TSD). As noted in chapters 4 and 5 of the July 2007 edition of the
Staff Paper, a small error was detected in the exposure model in January 2007 that
resulted in small increases in the exposure estimates. This error has been corrected and
the model runs have been redone, generally resulting in small increases in the exposure
estimates. The revised lung function risk estimates, based on the corrected exposure
estimates, are generally slightly higher than the original estimates presented in the
January 2007 edition of the Staff Paper and accompanying TSD. The corrected lung
function risk estimates for all children and for asthmatic children are presented in this
edition of the TSD in Chapter 3 and associated appendices as well as in the July 2007
edition of the Staff Paper. Due to time constraints, however, the lung function risk
estimates for active children, presented in Appendix C of the TSD, were not revised.
Also due to time constraints, the date on the footer was not updated to July 2007.
Sections 1, 2, and 4 of this edition of the TSD and the results in the Appendices for health
endpoints other than lung function remain unchanged with the exception of some minor
corrections and updates to several references.
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Ozone Health Risk Assessment for Selected Urban Areas

1 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is presently conducting a
review of the national ambient air quality standards (NAAQS) for ozone (O3). Sections
108 and 109 of the Clean Air Act (Act) govern the establishment and periodic review of
the NAAQS. These standards are established for pollutants that may reasonably be
anticipated to endanger public health and welfare, and whose presence in the ambient air
results from numerous or diverse mobile or stationary sources. The NAAQS are to be
based on air quality criteria, which are to accurately reflect the latest scientific knowledge
useful in indicating the kind and extent of identifiable effects on public health or welfare
that may be expected from the presence of the pollutant in ambient air. The EPA
Administrator is to promulgate and periodically review, at five-year intervals, “primary”
(health-based) and “secondary” (welfare-based) NAAQS for such pollutants." Based on
periodic reviews of the air quality criteria and standards, the Administrator is to make
revisions in the criteria and standards, and promulgate any new standards, as may be
appropriate. The Act also requires that an independent scientific review committee
advise the Administrator as part of this NAAQS review process, a function performed by
the Clean Air Scientific Advisory Committee (CASAC).

EPA’s overall plan and schedule for this O3 NAAQS review is presented in a Plan
for Review of the National Ambient Air Quality Standards for Ozone (EPA, 2005a),
which is available at: http://www.epa.gov/ttn/naags/standards/ozone/s_03_cr_pd.html .
That plan discusses the preparation of two key documents in the NAAQS review process:
an Air Quality Criteria Document (hereafter cited as CD) and a Staff Paper. The CD
provides a critical assessment of the latest available scientific information upon which the
NAAQS are to be based, and the Staff Paper evaluates the policy implications of the
information contained in the CD and discusses standard-setting options for the
Administrator to consider. In conjunction with preparation of the Staff Paper, staff in
EPA’s Office of Air Quality Planning and Standards (OAQPS) conducts various policy-
relevant assessments, including in this review a quantitative exposure analysis and a
human health risk assessment. Both the exposure analysis and the risk assessment
require a quantitative analysis of O air quality. The methods and results of this analysis
are described in Chapters 2 and 4 of the Staff Paper (EPA, 2007a) (hereafter “Staff
Paper”) and in Fitz-Simons et al. (2005) and Rizzo (2005, 2006). The methods and
results of the modeling of personal exposures are discussed in Chapter 4 of the Staff
Paper and in an accompanying technical support document (EPA, 2007b). The methods
and results of the human health risk assessment are described in this document.

ISection 109(b)(1) [42 U.S.C. 7409] of the Act defines a primary standard as one “the attainment
and maintenance of which in the judgment of the Administrator, based on such criteria and allowing an
adequate margin of safety, are requisite to protect the public health.”
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As part of the last O3 NAAQS review, EPA conducted exposure anayses for the
general population; children, who spend more time outdoors; and outdoor workers.
Exposure estimates were generated for 9 urban areas for existing (referredto as“asis’)
air quality and for just meeting the existing 1-hour standard and several aternative 8-hour
standards. Severa reports (Johnson et al., 1996a,b,c; Johnson, 1997) that describe these
analyses can be found at:
http://www.epa.gov/ttn/naags/standards/ozone/s 03 pr_td.html. EPA aso conducted a
health risk assessment that produced risk estimates for the number and percent of
children experiencing lung function and respiratory symptoms associated with the
exposures estimated for these same 9 urban areas. This portion of the risk assessment
was based on exposure-response rel ationships devel oped from analysis of datafrom
several controlled human exposure studies. The risk assessment for the last review also
included risk estimates for excess respiratory-related hospital admissions related to O3
concentrations for New Y ork City based on a concentration-response relationship
reported in an epidemiology study. Risk estimates for lung function decrements,
respiratory symptoms, and hospital admissions were developed for “asis’ air quality and
for just meeting the existing 1-hour standard and several alternative 8-hour standards.
Reports describing the health risk assessment (Whitfield et al., 1996; Whitfield, 1997)
can be found at: http://www.epa.gov/ttn/naags/standards/ozone/s 03 pr_td.html.

The health risk assessment described in this report builds upon the methodology
and lessons learned from the exposure and risk work conducted for the last review. This
report is also based on the information and evaluation contained in the final O3 CD (EPA,
2006a) (hereafter O3 CD). The general approach used in the current risk assessment was
described in the draft Health Assessment Plan (EPA, 2005b), that was rel eased to the
CASAC and genera public in April 2005 for review and comment and was the subject of
a consultation with the CASAC O3 Panel on May 5, 2005. The approach used in the
current risk assessment reflects consideration of the comments offered by CASAC
members and the public on the draft Health Assessment Plan; comments offered on the
first drafts of the Staff Paper and Risk Assessment TSD at and subsequent to a
consultation with CASAC on December 8, 2005; CASAC comments provided to the
EPA in letters dated February 16, 2006 (Henderson, 2006a) and June 5, 2006
(Henderson, 2006b); and comments offered on the second draft Staff Paper and draft Risk
Assessment TSD at and subsequent to a consultation with CASAC on August 24 and 25,
2006, including CASAC comments provided to EPA in aletter dated October 24, 2006
(Henderson, 2006c¢).

The O3 health risk assessment described in this document estimates the health
effects associated with short-term exposures to Oz under recent (“asis’) air quality levels
and upon just meeting the current and severa aternative O3 primary NAAQS in selected
sample urban areas. These assessments cover avariety of heath effects for which there
is adequate information to develop quantitative risk estimates. However, there are
several health endpoints for which there currently isinsufficient information to develop
quantitative risk estimates. These additional health endpoints are discussed qualitatively
in the Staff Paper. The risk assessment isintended as atool that, together with other
information on these health endpoints and other health effects evaluated in the O3 CD and
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Staff Paper, can aid the Administrator in judging whether the current primary standard
protects public health with an adequate margin of safety, or whether revisionsto the
standard are appropriate.

The basic structure of the risk assessment reflects the two different types of studies
on which the health risk assessment for Ozis based: controlled human exposure studies,
and epidemiological studies. Thisbasic structure, as well as some preliminary
considerations, is described in Section 2. Section 3 describes the methods and results of
that portion of the risk assessment based on controlled human exposure studies. Section
4 describes the methods and results of that portion of the risk assessment based on
epidemiological studies.
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2 PRELIMINARY CONSIDERATIONS

The health risk assessment described in this report estimated various health
effects associated with Oz exposures for recent (“as is”) Oz levels, based on 2002, 2003,
and 2004 air quality data, as well as the reduced risks for one O3 season associated with
just meeting the current 8-hour daily maximum O; NAAQS and several alternative 8-
hour daily maximum standards. Risk estimates were developed for 12 urban areas
located throughout the U.S. In this section we address preliminary considerations.
Section 2.1 briefly discusses the broad empirical basis for a relationship between O3
exposures and adverse health effects. Section 2.2 describes the basic structure of the risk
assessment. Finally, Section 2.3 addresses air quality considerations that affect both
major portions of the risk assessment described in Section 2.2.

2.1 The Broad Empirical Basis for a Relationship Between O3 and Adverse Health
Effects

The health endpoints examined in the risk assessment include: lung function
decrements, respiratory-related hospital admissions, and mortality. In addition, estimates
of respiratory symptoms in asthmatic children were developed for one urban area. The
empirical basis for a relationship between O3 exposures and adverse human health effects
extends well beyond these specific health effects, however, and is by now considered
quite solid.

In its October 24, 2006 letter to the EPA administrator (Henderson, 2006c¢), the
CASAC affirmed this solid empirical basis, quoting and concurring with EPA’s own
assessment, as stated in the second draft Staff Paper (EPA, 2006b):

“... While being mindful of important remaining uncertainties, staff concludes

that the newly available information generally reinforces our judgments about

causal relationships between Oz exposure and respiratory effects observed in the
last review and broadens the evidence of Os-related associations to include
additional respiratory-related endpoints, newly identified cardiovascular-related
health endpoints, and mortality. Newly available evidence also has identified
increased susceptibility in people with asthma. While recognizing that important
uncertainties and research questions remain, we also conclude that progress has
been made since the last review in advancing our understanding of potential
mechanisms by which ambient O3, alone and in combination with other
pollutants, is causally linked to a range of respiratory- and cardiovascular-related

health endpoints.” (Pages 6-6 and 6-7)

The CASAC pointed to “several new single-city studies and large multi-city
studies designed specifically to examine the effects of ozone and other pollutants on both
morbidity and mortality” that have “provided more evidence for adverse health effects at
concentrations lower than the current standard.” (Henderson, 2006c, p. 3). The CASAC
also pointed to the results from controlled human exposure studies, noting that “these
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findings were observed in healthy volunteers” and that, although similar studies in
sensitive groups such as asthmatics have not yet been conducted, “people with asthma,
and particularly children, have been found to be more sensitive and to experience larger
decrements in lung function in response to 0zone exposures than would healthy
volunteers” (Henderson, 2006c, p. 4).

The CASAC also noted that, in addition to the lung function decrements seen in
controlled human exposure studies, “adverse health effects due to low-concentration
exposure to ambient ozone (that is, below the current primary 8-hour NAAQS) ...
include: an increase in school absenteeism; increases in respiratory hospital emergency
department visits among asthmatics and patients with other respiratory diseases; an
increase in hospitalizations for respiratory illnesses; an increase in symptoms associated
with adverse health effects, including chest tightness and medication usage; and an
increase in mortality (non-accidental, cardiorespiratory deaths) reported at exposure
levels well below the current standard. The CASAC considers each of these findings to be
an important indicator of adverse health effects” (Henderson, 2006c, p. 4).

2.2 Basic Structure of the Risk Assessment

At this time, two general types of human studies are particularly relevant for
deriving quantitative relationships between O3 levels and human health effects: controlled
human exposure studies and epidemiological studies. Controlled human exposure studies
involve volunteer subjects who are exposed while engaged in different exercise regimens
to specified levels of O3 under controlled conditions for specified amounts of time. The
responses measured in such studies have included measures of lung function, such as
forced expiratory volume in one second (FEV1), respiratory symptoms, airway
hyperresponsiveness, and inflammation. As noted above, prior EPA risk assessments for
O3 have included risk estimates for lung function decrements and respiratory symptoms
based on analysis of individual data from controlled human exposure studies. For the
current health risk assessment, we used exposure-response relationships based on
analysis of individual data that describe the relationship between a measure of personal
exposure to Oz and the measure(s) of lung function recorded in several studies. The
measure of personal exposure to ambient Og is typically some function of hourly
exposures — e.g., 1-hour maximum or 8-hour maximum. Therefore, a risk assessment
based on exposure-response relationships derived from controlled human exposure study
data requires estimates of personal exposure to Os, typically on a 1-hour or multi-hour
basis. Because data on personal hourly Oz exposures are not available, estimates of
personal exposures to varying ambient concentrations were derived through exposure
modeling, as described in the exposure analysis technical support document (EPA,
2007D).

In contrast to the exposure-response relationships derived from controlled human
exposure studies, epidemiological studies provide estimated concentration-response (C-
R) relationships based on data collected in real world settings. Ambient O3 concentration
is typically measured as the average of monitor-specific measurements. Population
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health responses for O3 have included lung function decrements, respiratory symptomsin
moderate to severe asthmatic children, asthma emergency department visits, respiratory-
related hospital admissions and premature mortality. As described more fully below, a
risk assessment based on epidemiological studies requires baseline incidence rates and
popul ation data for the risk assessment locations.

The characteristics that are relevant to carrying out arisk assessment based on
controlled human exposure studies versus one based on epidemiology studies can be
summarized as follows:

o A risk assessment based on controlled human exposure studies uses exposure-
response functions, and therefore requires as input (modeled) personal
exposures to Os. A risk assessment based on epidemiology studies uses C-R
functions, and therefore requires as input (monitored) ambient Os
concentrations.

. Epidemiological studies are carried out in specific real world locations (e.g.,
specific urban areas). A risk assessment focused on locations in which the
epidemiologic studies providing the C-R functions were carried out will
minimize uncertainties. Controlled human exposure studies, carried out in
|aboratory settings, are generally not specific to any particular real world
location. A controlled human exposure studies-based risk assessment can
therefore appropriately be carried out for any location for which there are
adequate air quality data on which to base the modeling of personal exposures.

. The adequate modeling of hourly personal exposures associated with ambient
concentrations requires more compl ete ambient monitoring data than are
necessary to estimate average ambient concentrations used to calcul ate risks
based on C-R relationships. Therefore, there may be some locations in which
an epidemiological studies-based risk assessment could appropriately be
carried out but a controlled human exposure studies-based risk assessment
would introduce significant additional uncertainty.

. To derive estimates of risk from C-R relationships estimated in
epidemiological studies, it is usually necessary to have estimates of the
baseline incidences of the health effectsinvolved. Such baseline incidence
estimates are not needed in a controlled human exposure studies-based risk
assessment.

The methods and results for the two parts of the risk assessment — the part based on
controlled human exposure studies and the part based on epidemiological studies— are
discussed in Sections 3 and 4 below. Both parts of the risk assessment were implemented
withi